Abstract. The empirical relationships between labour wages, unemployment rate and the labour productivity index in New Zealand's construction sector (for the period of 1983-2017) were investigated. The Johansen cointegration test and vector error correction mechanism were used to determine the existence of long-run relationships between the variables and the adjustment process of the short-run disequilibrium into the long-run equilibrium. The results show that the labour productivity index positively affects the labour wage, while the effect of unemployment rate is negative in the long run. That is, the more productive the labour, the more the wages earned. Related statistical tests on the residuals proved that the model and its findings are reliable.
Introduction
The construction industry has a significant role in terms of growth promotion and employment generation, and it also supports other sectors to which it is linked (Durdyev & Ismail, 2016; Durdyev, Zavadskas, Thurnell, Banaitis, & Ihtiyar, 2018; Gündüz & Kaya, 2017; Nazarko & Chodakowska, 2017) . Since this sector influences the growth of national economy, its productivity level is of critical importance. Studies have proved that the higher the productiv-ity level of the construction sector, the higher the gains for other sectors, since the former feeds investments into the latter to some extent (Chia, Skitmore, Runeson, & Bridge, 2014 ).
An assessment of the construction industry from the economic perspective is essential to determine the national productivity level (Durdyev & Ismail, 2012) . The national productivity level aims at contributing towards the gross domestic product (GDP), which is considered the main economic indicator of a nation's growth and standards of living (Durdyev & Mbachu, 2011) . Productivity growth within a region or nation is an important requirement to raise the living standard of its population. Therefore, national productivity measures are typically used for comparing economic performance, for example, of regions and/or over periods. Bernold and AbouRizk (2010) state that the managerial and technological capacities of a country, which are fostered by a qualified (highly educated) workforce, are critical in driving increases in its productivity through facilitating constant improvements. Over time, factors such as incentives from stronger industries, human resource development through continued education and innovation support productivity increase. Consequently, governmental policies and cultural and institutional factors determine the success of measures to improve productivity. Further, productivity has to be measured at the industry level to observe the extent to which an industry's productivity performance affects national productivity. Such measurement is required because any industry (e.g., construction, service, manufacturing, agriculture and mining) can be considered an individual unit of the entire economy of a country. Hence, national productivity improvements depend on the productivity level of individual units, namely, industries (Bernold & AbouRizk, 2010; Han, Ko, Hong, Koo, & Lee, 2017) , and such improvements are portrayed via the initial and subsequent measurements at the national and industry levels.
The relationship of the construction sector with the economy has received attention from researchers worldwide. Numerous studies have examined and reported the relationship between construction sector output and the economy (Banaitienė, Banaitis, & Laučys, 2015; Chan, 2001; Giang & Low, 2011; Ma, Liu, & Reed, 2017; Ofori, 1990; Turin, 1978) , while several others (Chia et al., 2014; Y. Gang, F. Gang, & Yan, 2003) have examined the relationship between this sector's productivity performance and economic development. For instance, sufficient theoretical evidence shows that various economic parameters, such as the labour wage (LW) and unemployment rate, have either negative or positive effects on sector productivity (Yildirim, 2015) . However, little attention has been paid to the impact of construction productivity on a particular economic parameter (Vergeer & Kleinknecht, 2007; Wakeford, 2004) . Further, the presence of country-and industry-specific parameters means that the findings of studies on the subject are applicable within their respective economic environments (owing to political, social and institutional determinants) and hence cannot be generalised. Therefore, deeper understanding of gains and pains of the workforce from the sector's productivity performance, within the country-and industry-specific environments, is of strategic importance.
Additionally, according to growth models (Kuznets, 1961; Romer & Chow, 1996; Solow, 1956) , under perfect competitive market conditions the real wage (RW) rate equals the value of the marginal product of labour at the anticipated cost per output. If the growth models are considered correct, RW should be equal to the marginal product; therefore, the long-run increase in RW should be parallel to the increase in labour productivity (LP). However, this theoretical approach needs to be tested empirically, since many relationships exist between wage rates and productivity.
The construction industry has a significant contribution to New Zealand's economy in terms of GDP, linkages with allied businesses and employment. While the sector's contribution, including the related services, to GDP was recorded as 8% in 2015 (PWC, 2016) and led the GDP growth by the end of 2017 (Stats NZ, 2017) , it generated about 10% of total employment. When the integration with allied sectors of the economy is considered, the construction sector has even a greater impact. Given the significance of the construction sector in New Zealand in terms of employment generation and contribution to the national economy, particularly after the Canterbury earthquake, this study aims to examine the empirical relationship between RW and the productivity of this sector based on data for the 1983-2017 period. Thus, the study's contribution is to present the relationship between RW, unemployment and labour productivity within the construction industry context of New Zealand. As such, it is hoped that the study would provide implications for salary setting that are consistent with the level of productivity in the construction context of New Zealand as well as for testing economic and wage models.
The remainder of this paper is organised as follows. The next section, Section 1 presents a comprehensive literature review. Section 2 provides details on the data used and Section 3 presents the analysis results. Section 4 presents a discussion on the long-term relationships between the variables considered and Section 5, on the short-term relationships Section 6 states the results of tests on model stability. The final section provides some concluding remarks on the relationships between the empirically tested parameters as well as implications.
Literature review
"Productivity is not everything, but in the long run it is almost everything. A country's ability to improve its standard of living over time depends almost entirely on its ability to raise its output per worker". (Krugman, 1994) Productivity has been associated with economic growth at various levels, such as the quality of life of a society, and the quality of its services/products at the organisation level (Durdyev, 2011) . Oyeranti (2000) defines it as the ability of the sector to convert inputs including material, machinery and money into outputs or a quantified ratio of inputs to outputs. Durdyev, Ismail and Kandymov (2018) define productivity as effective resource (input) utilisation to achieve set objectives (output), which also can be defined as "the ratio of output to input". In the construction sector, the built structure is an output and the major inputs are the quantity of workforce hired (worked hours) and quantity of capital and other resources utilised (e.g., energy, material and money). Durdyev and Mbachu (2018) define productivity as the measurement of the resources or inputs used to achieve the objectives or desired outputs. By focusing on creativity and innovation, the productivity aim is to accomplish higher output with fewer resources by resource optimisation through re-engineering the service delivery process.
Productivity growth within a region or nation is an important requirement to raise the living standard of its population (Bernold & AbouRizk, 2010) . Therefore, national productivity measures are typically used to compare economic performance, such as between regions or periods. The input-output approach (which is the same as the general definition of productivity) is also used to measure the industry-level productivity (Huang, Chapman, & Butry, 2009 ). However, at this level, the input-output ratio measures the total market value (price; amount) of the services and products to the number of labourers employed by the industry. Marginal physical productivity is one of the most appropriate theoretical concepts of productivity, which is the change in output resulting from employing one more particular unit of labour. However, since such productivity cannot be readily measured, in practice, average LP is used as a productivity concept. The most common equation for calculating average LP is total output divided by total employment. From the perspective of contemporary economists, average productivity is defined as the amount of production (i.e., goods and services) per unit of labour input (Mankiw, 2017) .
RW has been categorised into two types: real consumption and real product wages (Backhouse, 1991). While the former, which provides a measure for real purchasing power, is the value of wages adjusted for inflation with the consumer price index, the latter is the value of wages adjusted for inflation with the producer price index.
Several mechanisms theoretically explain the relationship between economic parameters. For instance, it has been theoretically proved that because of decrease in purchasing power, inflation is likely to have a negative impact on productivity performance. Conversely, RW is found to be a motivating factor for the labour force, which ultimately positively influences productivity performance (Karaalp-Orhan, 2017; Yildirim, 2015) .
A comprehensive literature review suggests that the relationship between productivity and economic parameters, such as LWs and unemployment rate, has received broad attention from researchers, with the majority of these studies reporting a positive relationship. For instance, Wakeford (2004) reports an empirical relationship between productivity and RW in South Africa between 1983 and 2003. The findings reveal a long-run equilibrium (cointegrating) relationship among the parameters for the examined period, while revealing strong evidence of cointegration of productivity and RWs over the 1990-2002 period. Further, utilising the panel data technique, Vergeer and Kleinknecht (2007) analyse the relationships between LP growth and LW over the period of 1960-2004 in the 19 countries of the Organisation for Economic Co-operation and Development. They report that LP growth is a key determinant for wage growth but also find a causal link in the opposite direction. Yusof (2008) examines the long-run relationship between RW, employment and productivity in Malaysia's manufacturing sector. The analysis results reveal a long-run relationship among the parameters. Thus, although the theory of negative impact of RW on employment is not supported, the pay scheme theory (based on performance) is further validated.
One study on Australia analyses the empirical relationship between LP, inflation and RWs during 1965-2007 utilising Granger causality, cointegration and, most importantly, structural change tests (Kumar, Webber, & Perry, 2012) . The results reveal a positive relationship among the parameters in the manufacturing sector. Tipper (2012) investigates the impact of labour age structure on productivity and RWs, as well as the productivity-RW gap between 2001 and 2007 in New Zealand. The results reveal no significant differences between LP and work-force age structure at the industry level; however, the study finds that the younger workforce is paid lower RW than the older workforce. Further, the productivity-RW gap is not found to be applicable for the older workforce but exists for the younger workforce, which is paid less in comparison to its productivity. Rosenberg (2010) examines the long-run relationship between RWs and LP in New Zealand using data for the 1978-2006 period. According to the results over a variety of business cycles, increase in RW varies widely owing to LP increases. Conway, Meehan and Parham (2015) test the relationship between labour income share and productivity growth over 1978-2010 in New Zealand. The results indicate consistency in growth of RWs and productivity as well as the lack of a systemic relationship between significant growth of productivity and decreases in labour income share.
A recent study on Nigeria investigates both long-and short-run relationships in the 1981-2012 period between inflation, RW and LP (Iheanacho, 2017) . For further cointegration analysis, the study utilises the bound testing, autoregressive distributed lag and error correction approaches. The findings reveal a significant and positive long-run relationship between the tested parameters and that a positive short-run relationship does coexist, which confirms the dual impact of RW on productivity.
A strong relationship between LP, wages and unemployment has been reported by various studies worldwide. However, the findings reported from other countries cannot be generalised and further country-and industry-specific investigation is required on the relationship between the aforementioned parameters. In addition, although some studies have considered the topic in the New Zealand context, it is necessary to revisit the topic and examine the empirical relationships between LWs, LP and unemployment rates, particularly in the construction sector. Thus, this study aims at empirically testing these relationships in the New Zealand construction industry context for the 1983-2017 period.
Research data
The variables used in the model are weekly wage, unemployment rate and labour productivity index (see Table 1 ), all of which are annual time series retrieved from the Stats NZ Tatauranga Aotearoa databank and New Zealand Yearbooks. The series are available only from 1983 to 2017; therefore, this study is limited to this period.
Logarithmic values of the variables are used in the model. First, the augmented Dickey-Fuller (ADF) test is used to determine whether all the variables are stationary, following the recommendations of Dickey and Fuller (1979) . Next, the vector error correction model (VECM) is used to estimate the speed of adjustment of the short-run disequilibrium into 
Data analysis and results

Unit root test
The statistical properties of a stationary time series, such as mean, variance and autocorrelation, are all constant over time. If nonstationary time series are regressed, the results may be meaningless and biased. Therefore, regressions based on the nonstationary time series are called spurious regressions. Elimination of trend and seasonal effects from the series, filtration of it and obtaining its logarithmic values are the ways to convert a nonstationary series into a stationary one. In cointegration tests, all variables are added in the model at their base level I (0) if they all are stationary at the same level. Hence, the variables are checked via the ADF test using Equations (1) and (2), which are the equations for the stationary series without and with trend, respectively (Dickey & Fuller, 1979) : 
The null hypothesis is H 0 : α = 0 and b = 0, which means the X t series is not stationary. In case the null hypothesis (H 0 ) is rejected, the alternative hypothesis (H 1 ) that the series is stationary is accepted. The ADF unit root test results indicate that the series are not stationary in their base level I (0), but they become stationary after differencing I (1) (Phillips & Perron, 1988) . Table 2 presents the ADF test results based on the Akaike information criterion (AIC) for eight lags. Although none of the variables are stationary in their base level at 1% significance, they are stationary in their first differences with two stages, for with and without trend. 
Selection of the VAR lag order
In line with the recommendation of Speed and Yu (1993) and Dickey and Fuller (1981) , the likelihood ratio, final prediction error, AIC, Schwarz information criterion and Hannan-Quinn information criterion are applied to determine the optimum lag order for the cointegration of the variables. The optimum lag order is 1 according to all criteria. Note: *selected lag order based on the criterion.
Long-term relationships between labour wage and productivity variables 4.1. Cointegration test
Cointegration is a technique that allows determining the relationships between two or more nonstationary variables. Although two or more variables might not be stationary, the variables are cointegrated if their linear combinations are stationary (Granger, 1988) . A nonstationary series may not have stochastic processes, and hence, analysis with such a series could produce a spurious relationship. However, the cointegration models allow displaying genuine relationships between the variables. While the Engle-Granger (Engle & Granger, 1987 ) cointegration model displays a single cointegrating relationship), Johansen's (1988) model allows for multiple relationships. Thus, the equation of the latter model is provided as follows:
ε t is error term and µ, Π 1 ... Π k are restricted parameters that are estimated via the vector auto regressive model:
Since the series have a unit root in their base level, they became stationary after first difference. This operation transforms Equation (3) into Equation (4).
( )
With this operation, the coefficient matrix is checked for information about the relationships of the variables and the data vector. The coefficient matrix may have one of three possible values (Johansen & Juselius, 1990) :
Rank (Π) = 0. Coefficient matrix (Π) is zero and Equation (3) is suitable for the traditional time series differential vector. It does not fit the cointegration structure.
Rank (Π) = p. The rank of coefficient vector (Π) is a whole and X t process vector is stationary. 0 < Rank (Π) = r < p means that the variables are cointegrated and have long-run associations. In other words, there are α and β matrixes such that Π is equal to the multiplication of α and β' (Π = αβ') and β'X t is stationary.
Since all variables are of the same order, the Johansen cointegration test is utilised to determine if these are integrated. There is at least a unilateral causality between the variables in case the variables are integrated (Granger, 1969) . Hence, the causality between the variables is checked via the standard Granger test (Granger, 1969) . Then, the VECM is set to determine how many periods later the disequilibrium between the variables changes into equilibrium (Granger, 1988) . Tables 5 and 6 present the results of the trace and maximum eigenvalue tests, respectively, applied to determine the number of cointegrating vectors between the variables.
Cointegration models are established based on five assumptions about whether data have a deterministic trend and intercept. 'Intercept (no trend) in CE and test VAR' option of the linear deterministic trend in data is the most appropriate assumption for the cointegration equation.
The trace statistic value in Table 4 is bigger than the critical value at the 0.03% level of significance in the first line. Therefore, the null hypothesis is rejected; hence, the variables are not cointegrated. However, the second line shows that the trace statistic is less than the critical value at 56.7% level of significance; hence, the null hypothesis cannot be rejected and reveals that there is at most one cointegration equation.
The maximum eigenvalue (ME) statistic in Table 5 shows that there is at least one cointegration equation between the variables and they are correlated in the long run.
The ME statistic in the first line is bigger than the critical value at the 1.5% level of significance, and hence, the null hypothesis (there is no cointegration between variables) is rejected. Conversely, the ME statistic in the second line is less than the critical value at 53.7% level of significance; hence, the null hypothesis is not rejected.
According to normalized co-integrating coefficients presented in Table 6 , the coefficients of ln LAPROD and ln UNIMP are -2.6 and 0.34, respectively, which estimate the long-run elasticities. Thus, every increase in ln LAPROD reflects in ln WAGE by 260% in the long run, and every increase in ln UNIMP reflects ln WAGE by -34%. Increase in unemployment may lead the labour force to consent to lower wages to find a job or to retain the existing job because of strong competition in the labour market. Conversely, the more productive the workers become, the more wages they will demand. Therefore, the positive relationships between wages and labour productivity that this empirical study finds.
Vector Error Correction Model
According to the cointegration theory, the short-run disequilibrium between the variables may have a tendency to change into the long-run equilibrium. Cointegration models help identify long-run associations of variables while they have short-run deviations. Hence, it is possible to find the number of periods required to adjust short-run deviations into long-run equilibrium. The VECM is used to determine the number of periods for this equilibrium process, and the model's formula is as follows: = error terms of the co-integration model in the period t -1; µ 1i , µ 2i and µ 3i = coefficients or the short-term parameters affecting the dependent variables.
The long-run associations of the variables can be obtained provided that the error term is negative in sign in the VECM. According to the VECM model shown in Table 7 , the ECM t-1 coefficient is negative in sign and statistically significant at the 0.01% level, which reveals the existence of long-run causality from the input productivity indexes to Labour Wages. The coefficient of ECM t-1 estimated for error correction is in between 0 and −1; hence, this reveals that the deviations among the variables gradually diminish in the short run and the model approaches the equilibrium level in the long run. The adjustment speed from short-run disequilibrium to long-run equilibrium is calculated as follows (Johansen & Juselius, 1990) :
This result shows that the cointegration equilibrium can be obtained in approximately 12 periods. Vector Error Correction Model also displays the short run associations between the dependent and the independent variables as well as it displayed the speed of adjustment between variables in the long run. T statistics and their corresponding probability values show that only one lagged value of the wage affects the wage itself at the 5% significance level in the short run.
Model stability
Reliability of the model results depends on the stability of the model. Residuals of unstable models have several problems, such as heteroscedasticity, serial correlation and abnormal distribution, which adversely affect the accuracy of the model results. The first condition of model stability is that the residuals should be normally distributed.
Jarque-Berra statistic and the corresponding probability value (JB = 2.97 < 22.6 or Prob = 22.6 > 0.05) support the null hypothesis that the residuals of the model are normally distributed (see Table 8 ).
The second condition for model stability is that the variables should be homoscedastic, namely, they should have the same finite variance. The null hypothesis of the Hetereskedasticity ARCH test rejects the heteroscedasticity of the variables). The test results in Table 9 reveal that the model is homoscedastic. The chi-square value supports the null hypothesis at the 54.8% significance level.
The third condition for model efficiency is that the residuals of the model should not be serially correlated. The Breusch-Godfrey serial correlation LM test rejects the hypothesis that the residuals of the model are serially correlated (Breusch, 1978; Godfrey, 1978) .
The results of this test in Table 10 indicate that the residuals are not serially correlated, and the equation is appropriate for hypothesis tests and forecasting.
Conclusions
The construction sector is a sector that significantly contributes to New Zealand's economy. Thus, the existence of intersectoral linkages means that any improvement in the sector is positively reflected in other sectors -for instance, because this sector is an infrastructure provider to other sectors. Moreover, increase in the quality and productivity of labour positively affects the construction sector quality because of its labour-intensive nature. Thus, increase in labour wage (LW) based on productivity growth encourages labour to be more productive.
New Zealand is a high-income country, and the construction sector is the fourth largest contributor to the national economy. The share of the construction sector in the GDP and its contribution to national economic growth is worthy of attention, and hence a motivating point for this study utilising the statistical data recorded by Statistics New Zealand. Therefore, this study examined the relationships between labour productivity, unemployment and LW. The Johansen cointegration test proved that LW, unemployment and the labour productivity (LP) index are cointegrated. According to the Vector Error Correction Mechanism, short-run deviations between the variables move towards long-run equilibrium in 12 periods. Normalised cointegrating coefficients showed that the LP index positively affects LW, while the effect of unemployment rates is negative. These results showed that the more productive the labour, the more the wages earned. However, the short run associations of the variables showed that only the one lagged values of the labour wages affected the current values of the LWs themselves. Nevertheless, although similar studies have been undertaken, assessment of the relationships between the LP and LW in the construction context of New Zealand is of utmost significance. Further, the outcomes of the model are sufficiently justified by the theory that the change in unemployment rates is negatively reflected in the wages, while LP affects the wage positively. Thus, since it is the first study of its kind undertaken in the New Zealand construction context, the authors believe that the findings of this short scoping study would provide implications for salary setting that are consistent with the level of productivity in the construction context as well as for testing economic and wage models. Although the aim of the study was achieved, the results are limited to the data obtained from the Statistics New Zealand, therefore cannot be generalised and should be treated with caution.
